4 January 2007 1 Optical data storage medium and use of such medium The invention relates to a
multi-stack optical data storage medium for recording and reading using a focused radiation beam
entering through an entrance face of the medium durin% recording and reading, cohprrsing?Q7a first
substrate with present on a side thereof: 5 - a first recortling stack named Lo, comprising a recordable

type Lo recordfigritalghtaQtopaisinaediditasddsiosmedmadilsh Lo guide groove, and a first reflective layer
present between the Lo recording layer and the first substrate , - a second substrate with present on a

side thereof: - a second recording stack named Li comprising a recordable type Li 10 recording layer, said
second recording stack being present at a position closer to the entrance face than the Lo recording
stack and formed in a second Li guide groove, - a transparent spacer layer sandwiched between the
recording stacks, said transparent spacer layer having a thickness substantially larger than the depth of
focus of the focused radiation beam. 15 The invention also relates to the use of such a medium. An

embodiment of an optical regerdingmedivmas deserkedin the.PRaRIng:paradaRs known from
European Patent Application EP1067535A2. Normally the medium 20 is in the form of a circular disk.

Regarding the RAMEERUSALARREBRdINL 1154 REAIREC T IR SO SHdP8EcES<I format so far
is a write-oncetieriaiufaantpacttistireeaddahlm g donp}isiAdthough the take-over in importance by
Compact Disc Rewritable (9Dﬁ5V\§bh?rstbe?§. erprecﬂtcted S}?C(a&a{ long time, the actual market size of CD-R
media is still at least an order ofSE rﬁa%ﬁi% Irae?gejerotﬂgrsl or CO-RW. Furthermore the most important
parameterSfor drives is the-réxitrernrdingetspeathfot Ryroeuisisngt forcRMADB iUk sescardussible shift of

the market to GRStk RASSIRIE) RrgndaraUSE S, MAHPLRBIEMPS HR-RMU-fHRwEYer, the R- format
has been proven veré%ttrac ive due to its 100% compatibility. 4 January 2007 2 Next to the Digital

Versatile Disc REAHLETDUDLRIIY AR I raddbijirat HaW Bfgital Versatile Disc Recordable
(DVD+R) standard was develegedd ThgneywY breRnstandadd getsoficreasing attention as an important

support for DVD+RW. A pO_Sg Iste)rlc%r? ?erz‘%ﬂgng stack named L, comprising a recordable type L,
10 recording layer, said second recording stack being present at a position closer to the entrance
face than the L recording stack and formed in a second L; guide groove,
- a transparent spacer layer sandwiched between the recording stacks, said
transparent spacer layer having a thickness substantially larger than the depth of focus of the

focused radiation beam.

15 The invention also relates to the use of such a medium.

An embodiment of an optical recording medium as described in the opening

paragraph is known from European Patent Application EP1067535A2. Normally the medium
20  is in the form of a circular disk.

Regarding the market for optical recording, it is clear that the most important
and successful format so far is a write-once format, Compact Disc recordable (CD-R).
Although the take-over in importance by Compact Disc Rewritable (CD-RW) has been
predicted since a long time, the actual market size of CD-R media is still at least an order of

25  magnitude larger than for CD-RW. Furthermore the most important parameter for drives is
the maximum write speed for R-media, not for RW. Of course, a possible shift of the market
to CD-RW is still possible, e.g. because of Mount Rainier for CD-RW. However, the R-

format has been proven very attractive due to its 100% compatibility.



is that the end customers have become so familiar with an optical write-once format that they 5 might
accept it more easily than a re-writable format. An issue for both the R and RW formats is the limited
capacity and therefore recording time because only siyle-stacked media are presé&uago@that for
DVD-Video, dual stacked media have a considerable market share. A dual-layer, i.e. dual stack,

DVD+RW disk is probably feasipjend{eyer.itNas BRERDE Glask iais-fily) sompaiile1ydisk, i.e.
within the reflection and modulation specification of the dual-layer DVD-ROM, is very difficult to achieve

and requires at9ea2tEh¥[rate RETBEININR YRS Lkt Vasderrimmsb Jdrieey WHRSE: a full

compatibility, thengueress atedindayeidd VOHhRMp drdhesuppaik &id DY esianabesdivierdenificobtain a
dual-layer DVIR medium.which fe compatible with e, 15 fualiaver DYPROM sandardy the effective
reflectivity of botﬂ‘f e upperuﬁ ayer and the_ fower Lo ayer s OUId DE at least 1895 at a radiation beam
wavelength of amhtaxireritéln@sSasi Rfactveribimotiat the reflection is measured as the portion of

effective light coming backqframihe,medi e WRRNORRLAREKR bR aRtil AR RIESEN @B aeusing on Lo

and Li respectively. This means that the Lo stack as such requires a far higher reflection level of e.g. 20
more than 509 BraF AN heerasaalvengcickad & e iRab R E b QYR fktion of the
incoming and auigaingdiphtdia $hoelidcbasiueiasi dhadrik tkisrd osWmenithe irnodnallyadksed convention of

notation of Lo in which notation Lo is the "closest" stack, i.e., closest to the radiation beam
oo face b TR L Rt 1w e SRR R R e
radiation Beantiektianvetiactere ket 06aB BB A thieo 2 Spiesiiboningn dé firitionk ayer (Béd: BB ks the

thickness of the. fly@ fayar ib MIaoVE.Rf U@&uﬂre%tairl‘éQé’P%l?HﬂBrrﬁ‘éQ!&ﬁlﬂgffgﬁ%P@ﬂé%i&@e‘-’éﬂ&ﬁ’g@iCh corresponds

to L, dG2 is the thickness of the dye layer in groove of the second information recording/reproduction unit
which correspdHdEiabPrRpersics: % HhauhidiiesanpriRtitydesier s pARd RS SRR ImthaL2 is the
thickness of theafkyeikayeseshhand corresponding to Lo. The depth of the grooves corresponding to L is

30 dI but the depth of the gfooves d2 cotrespondin i defined differently. D2 is the height
difference of lands and grO(f)%rs(?erﬁteoa%%?éndaogﬁl%kqe%%ég s\%}?%%én 8¢tlgfnaw )l/%lgféyrnﬁ’gébs%gﬁthé%%qted. DG2,
d2 and dIL2 ardwedapeapproxihdtediaddadd, tHOedtedtl2 definvtini yal€ bidbidre sihpevs. thatthisl dorresponds to a

groove depth g,ndhe sHRSURIGFBL GSRA] Y E?Mﬁétﬂﬂ%&%a&%%aﬁ%#m%&y @pplicants have

shown that the inverted Lo stack of the known medium 4 January 200 _grooves with a depth of
194 nm has a p@ﬂé%fﬁqﬁ{y/%g}?@l%w theoretlasgion &t fpsasured as the portion of effective light coming

back from the medium when both stacks Ly and L, are present and focusing on Ly and L,
respectively. This means that the Ly stack as such requires a far higher reflection level of e.g.

20  more than 50%, preferably more than 60%, because the L, stack absorbs a substantial portion
of the incoming and outgoing light. It should be noted that in this document the normally
used convention of notation of Ly and L, in which notation L is the “closest” stack, i.e.
closest to the radiation beam entrance face, has been changed: Ly now is the deepest stack
and L,...L, are stacks closer to the radiation beam entrance face. In EP1067535A2 the

25  following definitions are used: DG1 is the thickness of the dye layer in groove of the first
information recording/reproduction unit which corresponds to L;, dG2 is the thickness of the
dye layer in groove of the second information recording/reproduction unit which corresponds
to Lo. DL1 is the thickness of the dye layer on land corresponding to L;, dL.2 is the thickness
of the dye layer on land corresponding to L. The depth of the grooves corresponding to L; is

30  d1 but the depth of the grooves d2 corresponding to L is defined differently. D2 is the height
difference of lands and grooves measured on the dye surface after a dye layer has been
coated. DG2, d2 and dL.2 are set to approximately 174, 140 and 120 nm. A calculation shows
that this corresponds to a groove depth g in the substrate corresponding to L of about 194

nm. Measurements by applicants have shown that the inverted L stack of the known medium



reflectivity of blank areas (i.e. without grooves). This means that it is impossible to reach the desired 60%
reflection level because in order to obtain a dual-layer DVD+R medium which is compatible with the
dual-layer DVD-ROM standard, the reflectivity of a light beam 5 focused onto the fdtauwacki8f the lower
Lo layer should be sufficiently high (typically > 60%, depending on the transmission of the upper L layer).

From a dual-stggl DYRERWMPHHSHAD RO AMENM AR B RehL SRy BScstrugtyrerigpreferred which
means that the reco,rdlnl%]flgﬁer of the Lo stack is present at a side of the reflective layer other than the

side of the subSHatEviR St (ictupdhey IBIRCXFs bjRE BT AV ACRPRS HHSVRIEE S Bistical data
storage mediugasikthe tyredagstiknecdindine opadingopatagragbavhiah badaraflediianwiatie of the Lo
recording stack higher.than.25%, preferably hi an 50%,.at a radiation beam wavelength of 15
approximatelylégggr‘ M bI[] i\glt(%bjeec lhaz'sfe eere%zﬂ(?hﬁiig/hg&%ng%g&%rarﬁggCV\I/Ytﬁytﬂf:alerlf rg% ion by an optical
storage médiufacascdestritedait tivelopEthinty weirbgtaysh shehilchbisseiznigoteriiell (onivatliie %t Lo guide

groove has a QRPN Br P ihrisE IS WW&M@%Q?@HY%MQ%%ﬁﬁﬁ%@l@h@ﬁ@!ﬁ%gﬁooves in
c

order to achieve a high reflection value. According to calculations 20 grooves deeper than 200 nm may

also achieve aPRighofefiettish BYRTEELMBIS T $dS AelRtirdctivehrarARBs SR e eriiiue P astering
and injection naetdig, stk explasatian fade dretedificedviatieatienealiovakQdds B mayubsthat grooves

covered with me I actasa vt\{g\e/eguide for the radiation beam, thereby lowering the effective reflectivity
due to optical e eéfs, e.d. cﬁanges in polarization. At depths > 200 nm these effects may again lead to

an 25 indfkase of the reflection. In an embodiment Gi,o < 80 nm and the first Lo guide groove has a full
half maximum width WLO< 350 rim. For grooves which have a width of smaller than 350 nm the groove
depth should be smaller than 80 rim. When grooves are relatively wide, e.g. 500-600 nm, groove depths
of close to 100 nm may be fea bRV SHE éW@ﬂ@?Pr@f@eﬁmaAtogﬁF&héﬁtag%ﬁO@%%v@mwg Rave guide
like effects playpermenei@r@ningabpeltngidrteaphiecivie HafteaNstyidnayl e creRsE, eberdingllow groove

depth will result in inversion of the radial- error signal (pysh pull) and of the wobble sijgnal. This should be
corrected for ir%tt?ﬁrlé%ﬁv%r.t ar‘1na£r$0%fe ' eerrﬁlggfdiﬁﬁ}é%ttgglr%é ?E?or‘)édalé%or?r%egﬁnd“fﬁvee |P§tir9e ective layer

comprisebSa nrptbambieds @ hickness > 50 nm. A very high reflection value is obtained by 4 January
2007 4

This object has been achieved in accordance with the invention by an optical
storage medium as described in the opening paragraph, which is characterized in that the first
Ly guide groove has a depth G < 100 nm. This invention disclosure proposes the use of
shallow grooves in order to achieve a high reflection value. According to calculations

20  grooves deeper than 200 nm may also achieve a high reflection but are more difficult to
manufacture from the point of view of mastering and injection molding. The explanation for
the reduced reflection above 100 nm may be that grooves covered with metal act as a
waveguide for the radiation beam, thereby lowering the effective reflectivity due to optical
effects, e.g. changes in polarization. At depths > 200 nm these effects may again lead to an
25  increase of the reflection.

In an embodiment Gy < 80 nm and the first L, guide groove has a full half
maximum width W< 350 nm. For grooves which have a width of smaller than 350 nm the
groove depth should be smaller than 80 nm. When grooves are relatively wide, e.g. 500-600
nm, groove depths of close to 100 nm may be feasible with still enough reflection. At smaller

30  groove widths wave guide like effects play a more prominent role and the effective
reflectivity may decrease. The shallow groove depth will result in inversion of the radial-
error signal (push pull) and of the wobble signal. This should be corrected for in the drive.

In another embodiment 25 nm < Gry < 40 nm and the first reflective layer

comprises a metal and has a thickness > 50 nm. A very high reflection value is obtained by



which compatibility with the DVD-dual layer read only, i.e. video and ROM, standard is achieved. Without
additional measures the reduced groove depth seems to have a relatively low optical modulation, i.e.
optical contrast between mark and non-mark. For e.g. a 35 rim deep groove expetilfiaits 3idived a
modulation of 10 %, both on land and groove. 5 In a further embodiment recordable type Lo recording

layer comprisegiAA¥SnBRNAS #HiHNESDREM 8RR (CiThANd LoRidimfaeasredandpg land portion of

the guide groove. When using this thickness range adequate mark formation in the dye layer is

achieved. Whéfifsifty Withstd ek Gior msathatioRcs el isre QempRTe it e St b feduced groove
depth. As the negospiRgl is@ritaimeckosptanat: asrappesesiannigiodvien-anitk propes Sighs ahthe
modulation, i.e h&gh to low recordi@%his aghiev% .hisol}alg 1;;1eba d(i)'%ilqgg aagvantag]e that the push-pull

i )

signal has the %ere p%rr0 %YSr? #nd no measures int ueladﬁﬂcal k ‘dnve are reaui%%ﬂ/o'mvert the push-pull

sign. A didlectric layer maylbe prekarvnatodigidet tfcthdably feeokdirngdedreg bypositepfissetice side where
the first reflectiygy laverdsRiRsenledus hesihsadyaniagde X euethant 1R B dpiAlieRd he dielectric

layer preferably has a thickness in the range of 5 rim - 120 rim. In yet another embodiment a second

reflective layer2EHpri¥heg dsiethisshiprassrragcrdrquast wrk Bradirainghayyr bpposite from the side

where the firstagfleciivaviayesisspresantk Booterallyl ihense pordbie lesibit: thyah fassadhgckness in the

range of 5 rim ZCP 1% rim. Thd%ﬁﬁcgg%reflectﬁ\{%llasy%rr grefe({%b% rr;raajlrsllg comprises a metal selected from
' e

the group of ,&8,%5, érﬁ),mﬁfi. e second re veqayer as thé advan?gﬁseeo an éven ?ﬂ%her reflection

of the Lo KtackerSreradi greeicitiomeoihvstank dedigh maywbeaadinged tohieaeh Ghiodasebordihgoperformance.
An additional agdyantageaf %ﬂ&?—ﬁﬁﬁﬂ@r‘ﬂﬁ‘ﬂa@ﬂ%‘?@pﬁ? apaxgethRsiack ke dsibaligvobble of the
n

guide groove is less visible in the reflection of the radiation beam. A wobble is used to modulate
additional infofff4gi8fF fsamecq irde\grodseuhphsigddress or time signal. When e.g. using a guide
groove with a depth GLO oA1Béldi Aariatignhebibi ais vigthie iicthersigrahwiihdhe pame periodicity
as the wobble. At lg{g. ge etp eG 0, of f{‘35 .rln][thls.varlatlonﬁis%bsﬁggg\lllxngbge‘:ﬁ?t. 30 The invention will

ve
. from 1 irst reflective layer is present, S ha; . eye
be elucidated in greater detail with reference to the ac%ompanylng 5rawmgs, itrwhich 4 5anuary 2007 5

15  better modulation. The dielectric layer preferably has a thickness in the range of 5 nm — 120
nm.

In yet another embodiment a second reflective layer comprising a metal is
present at a side of the L, recording layer opposite from the side where the first reflective
layer is present. Preferably the second reflective layer has a thickness in the range of 5 nm -

20 15 nm. The second reflective layer preferably mainly comprises a metal selected from the
group of Ag, Au, Cu, Al. The second reflective layer has the advantage of an even higher
reflection of the L stack. Small variations in stack design may be required to reach good
recording performance.

An additional advantage of the use of shallow grooves in an inverted L, stack

25  isthat a wobble of the guide groove is less visible in the reflection of the radiation beam. A
wobble is used to modulate additional information in the guide groove, e.g. an address or
time signal. When e.g. using a guide groove with a depth G of 160 nm a variation of 15 %
is visible in the signal with the same periodicity as the wobble. At a groove depth G of 35
nm this variation is substantially absent.

30

The invention will be elucidated in greater detail with reference to the

accompanying drawings, in which



Fig. 1 shows the reflectivity on a blank area (mirror) and grooved area for an inverted Lo DVD+R stack.
The groove depth is 126 nm. The reflectivity on the grooved area is only about 15% of the reflectivity on
the blank area, Fig. 2 shows the reflectivity on a blank area (minor) and grooved aréznferat8’inverted Lo
DVD+R stack. The groove depth is 35 nm. The reflectivity on the grooved area is approximately 85% of

the reflectivity on the blankgreq.sfigs3Rchamaticaliy shews a4 assserirnpiRRemiadiment according
to the invention, Fig. 4 schematically shows a cross-section of an embodiment according to the 10

invention for ailifftbe P Y3tk ggLhe graps SPEhtw AR @ BaldntBe HENIPBIY HEahy Sudy of a
stack design acenidiibguol te dfventidiactnigs oaahamdbb seQw the calculated result of a modeling study of
another stack design accolgdir{?ég the 'nvrgﬂtio 50r|fi 7 Reflec§tion argdn@odulat(ipn calculated for a

n

n,.
reference disk: single-layer B +?¥.Vﬁrt1 Elg. ic{hvétlesu tgl% e%{gé iments on mverted Lo DVD+R stacks

are preserited i2@n¢ddn B ¥ Rsiekwithe 2grooviemk pth BInO Bfer2Beattvihiongbegrdingderthasinvention,

was used. Thegeflectivity QRdNeraroauRd AiRAJS @PRIGNIMALElY 15% of the reflectivity on the blank area
(mirror). This value is not acceptable. In %%62 the results of experiments on inverted Lo DVD+R stacks

are shown. A DVD+RW sub8trhteh\iRAISA RO 88 StRSSPEB S5 hirmedenraiig I 4He invBhtion, was 25
used. The reflegiddtiven the grooved area is approximately 85% of the reflectivity on the blank area,

which is significantly highe%ghafst%r deeF grooves. The di§k stij£l shOV\(E uffi%ient P(PSh{ lﬂIIIGSignaI, SO
: r

I S
tracking is possible. Also the%xpen‘?ﬁneal%1 S show that 18 Specgslglrb?e 16 Wité 33%3, %(fﬁ?oda% the modulation

appears td be reletivalyidoan (10 d L Btasérrier to noise ratio CNR - 30 dB) but with the stack design of

Fig. 5 and Fig. 6 a high 30}’@9%%@%ﬂ%W%ﬂQ'@almﬁé&&lAﬂ%ﬁtﬁl@d@iﬁ?&ﬁ DM degp grooves with a
FWHM width Wi,0 of 300 nm, a reflective layer 39 of 100 nm Ag, and 80 nm azo dye recording layer 35,

and a protectieIgyarcardmgsr dredrtan be used are (phthalo)cyanine-type, azo-type, 4 January
2007 6 squarylium-type, pyspeneethieneWHoe aicthienlerghnic dye Mnaiesialhavine thesdesisedk

design according to the invention,
15 Fig. 7 Reflection and modulation calculated for a reference disk: single-layer

DVD+R.

In Fig.1 the results of experiments on inverted Lo DVD+R stacks are presented
20  when a substrate with a groove depth G of 126 nm, not according to the invention, was
used. The reflectivity on the grooved area is approximately 15% of the reflectivity on the
blank area (mirror). This value is not acceptable.
In Fig.2 the results of experiments on inverted Ly DVD+R stacks are shown. A
DVD+RW substrate with a groove depth of about 35 nm, according to the invention, was
25  used. The reflectivity on the grooved area is approximately 85% of the reflectivity on the
blank area, which is significantly higher than for deeper grooves. The disk still shows
sufficient push-pull signal, so tracking is possible. Also the experiments show that it is
possible to write data, although the modulation appears to be relatively low (10 %, 11T
carrier to noise ratio CNR ~ 30 dB) but with the stack design of Fig. 5 and Fig. 6 a high
30  modulation is possible.
The Ly substrate 31a had 35 nm deep grooves with a FWHM width Wy of 300
nm, a reflective layer 39 of 100 nm Ag, and 80 nm azo dye recording layer 35, and a

protective layer. Typical dyes that can be used are (phthalo)cyanine-type, azo-type,



properties. In Fig. 3 a multi-stack optical data storage medium 30 for recording is shown. A focused
radiation beam, i.e. a laser beam 40 with a wavelength of about 655 rim, enters 5 through an entrance
face 41 of the medium 30 during recording. The medium comprises a first substrétéaB4agy @# present on
a side thereof a first recording stack 33 named Lo, confprising a recordable type Lorecording layer 35,

i.e. an azo dy%qﬁﬂ?lh&l[%f{é[WX%e&-t%@lﬁ@ﬂ%@oﬁé%ﬁi'c%w}ﬁﬁe%@Q‘A@i&?ﬁ’a’e%%@é irst reflective layer

39 is present between the Lo recording layer 35 and the first substrate 3la. A second substrate 3 |b is
present with oR'8PST#E%10 thereof a second recording stack 32 named Li comprising a recordable azo dye
type Li recording layer 34.Thiregsecandltietaidigicibdid it32ds preisantatfarpasitiinedlogesto. the
enirance face 41 (nandfe e eeording stack 33 and formedun.aseqand baus grsave 37 A
transparent spacerlfayer %1 IS sanawichied Between the recor&ing Stacks , and’hias a thickness of
approximately th®wgh Therfirstdedagaitied tboveed8a R sleride pehoodinks BB rirpdiNoteothiitreadepth of the

guide groove igdefipedaat she \QREIF&%IEEHF $he SRVHEIGCHHRI VS AFRSERKPAWER1 34 and 36. The

medium may be manufactured as follows. The spacer 36 either confains the first guide groove, also
called pregroofTFIFI"S BFHFREIAPL Bfke GrOBURAEY ELS hiadtetetidtfto thelspacr @t yapplication of it
to Li. Normallyfthe @uide figrooyvennsititessa, spual fifsestltoaviirslyee cordipg siadkt@ds thepgsited on the

grooved 20 spacer 36. Finally, the first substrat a,,containing no ves, is lied. This lay-out is
Called ype 1 (B ST IR ahn b W Ch e bR TR fs B ARG hRen ivertea
Lo stack,l&nd ibdtveiprefernddesnmibodistasiit3 T hangddaripiamion Eigredadyilesavidye thieedxception that a

guide groove 3@&%&_1%@?%%@%&&@&@%&&% ?t%%@tal-3Eh§pﬁé§éx@§t%%§iﬁ%‘i?c$p@r%tﬁléo Is attached to

the substrate with Li with the transparent spacer a@r 36 in between. Specific suitable Lo stack designs
named stack 189 Behiyl dpaaiths hedeeniting skgketsetdrams dHisaseRnadneWia $RO¥edEription of Fig.

5 and Fig. 6. The preferrecaspaspirtayepibickiiessdor hatwiiskitypesds H rectedit: RadRngospecific
embodiment would pe: 30,Li: 80 rirgag el 12 rjtn? Qg/ Ll{lvlclyer ble resin %protecti}rlzﬁalﬁieyer)daqg 0&_o: 100 rim
as

(ZnS)80(Si02 o' ?Jsr?r%l 181§ré?si8 19 b@%ﬁ lf)at:er tlfcszi(Iﬁ%glél((l) M’ THe Eifective reflection from

Li is 20 % and thereffettiteréftebitno(theasited thrsughelin dtatilicpisiddde btha sediatiertheam
wavelength of 1@9@ %Mtﬁéy“@§§ 3&%(143661%@%&@&3 may be manufactured as follows. The spacer
36 either contains the first guide groove, also called pregroove, for L or this first guide
groove for Ly is mastered into the spacer after application of it to L;. Normally the guide
groove constitutes a spiral. Then the first recording stack Ly is deposited on the grooved
20  spacer 36. Finally, the first substrate 31a, containing no grooves, is applied. This lay-out is
called type 1.

In Fig.4 a variant of the medium 30 is shown called type 2. Type 2 is based on
an inverted Ly stack, and is the preferred embodiment. The description of Fig. 3 applies with
the exception that a guide groove 38b now is present in the first substrate 31a. This first

25  substrate 31a with L is attached to the substrate with L; with the transparent spacer layer 36
in between. Specific suitable L stack designs named stack 1, stack 2 and stack 3 are
discussed elsewhere in this document with the description of Fig. 5 and Fig. 6 . The
preferred spacer-layer thickness for both disk types is 40 pm to 70 um. One specific
embodiment would be:

30 L;: 80 nm dye/ 12 nm Ag/ UV curable resin (protective layer) and

Lo: 100 nm (ZnS)80(S102)20 / 130 nm dye/ 100 nm Ag, and a spacer
thickness of 55 um. The effective reflection from L, is 20 %, and the effective reflection
(measured through L;) from L is 21% at a radiation beam wavelength of approximately 655

nm.



7 The upper Li stack of a recordable dual-stack DVD disk should have high transparency in order to be
able to address the lower lying Lo stack. At the same time, Li preferably should have a reflectivity of at
least 18% in order to meet the dual layer DVD- ROM specification. The stacks probssarép€’are not
restricted to use in DVD+R-DL and can 5 be applied in dny (multi-stack) organic-dye based optical

recording medium. In Figs. 93 gfeob ReqelingLesiis1 e Arasaniseom & sidakwilt thgollowing
design: Stack 1: - 25 to 40 nm deep gwde groaves in substrate 31 a, 10 - an optically closed Ag mirror of

100 nm. Otheﬁ%&ﬁ@néygnweé@ B? Alefpgddeesidhe W ep/ging Lslask: Aeh3ARe RS -thickness of 130
nm on land, thgrém‘mﬂwedmldemwatheﬂdwviﬁy%% FeBs DR (oXir b mjeethichicartasp@wis-to a typical

DVD recordab e nS)8o(Si 20 other dielec cs Wlth § e identical results.
15 This de&gnECO(()ian ﬁcels a?ﬁlghorreﬁ‘lsetczll%n r‘épnc?eg s n&%fa%lr(?[ 0 ﬂélsi%{?erte %{oq?gcor(gmg stack for

the case of shallerphedavery Thelistsfeis shesuid- @@r@@@dd@@@hrl@ntﬂ%méw@sed to in-groove) in order

to obtain the proper sign Oflmﬁgp@Qg@tmﬁb&hﬁgr@wm%qmmkci Sis Rasiesighrogdiional.advantage
that the push-pull signal has the proper sign ("on-land"). The parameter L is defined as: L = (do - dl)/G in

which formula #8'&the dye 20 thickness in the groove, dL is the dye thickness on land and G is the
groove depth. Jihik parameter is a measure for the leveling out of the dye after depositing on the groove
structure. Norma}I ZQge IS osn db |nl%o ?dlar} typically the leveling is between about 0.2 and
0.5. L =0 means hat %01 5 mesansS h op surface of the dye is completely flat after
depositingon trea gmdellgrdov@s%ﬁmw@ dhlPynsa Btbecabctilated résulis: 25 Al they de-lasdiaeflection at a
radiation beamyygvelength of 655 nm as a function of the onland dye thickness dl are shown. In Fig. 5b
the calculated results of on land modulation as_a function of the on land I(ilqigtthlckness dl are shown. The

horizontal dotte@M#8 hEikgs Hihiiames elesiftemandend dhn BB asEied it eheheidesrstidbel is reached
at a dye thickngesi (args DhiapauichQdral fomis30 Et&p&ﬁnmmfd’&ﬁdﬂlﬁ@@ﬁajned with this stack 1 are: A

high modulatlo 7 ectign level of. 70%. Modulation i rally defined as M =
N8I AR fectan auel ol I v Modhialion i generall

(R™ _mazk-R.az mula maz NS e 1&F ttson levels from the
read out ldser beam whenTbspb@w@y@wnitehlghadﬂwdmmmghpwgemm'ﬁhé thseriogedn power

Lo recording stack for the case of shallow grooves. The stacks should be recorded on-land (as
opposed to in-groove) in order to obtain the proper sign of the modulation (high-to-low
recording). This has as an additional advantage that the push-pull signal has the proper sign
("on-land"). The parameter L is defined as: L = (dg — d.)/G in which formula dg is the dye

20  thickness in the groove, dy is the dye thickness on land and G is the groove depth. This
parameter is a measure for the leveling out of the dye after depositing on the groove
structure. Normally, dye is deposited by spincoating and typically the leveling is between
about 0.2 and 0.5. L = 0 means that dg = dp and L= 1 means that the top surface of the dye is
completely flat after depositing on the guide groove structure. In Fig 5a the calculated results

25  of the on-land reflection at a radiation beam wavelength of 655 nm as a function of the
onland dye thickness d are shown. In Fig. 5b the calculated results of on land modulation as
a function of the on land dye thickness d; are shown. The horizontal dotted line indicates a
minimum desired level. It can be noted that the desired level is reached at a dye thickness
range of about 70-150 nm.

30 Experimental results obtained with this stack 1 are: A high modulation of 75%
and a high reflection level of 70%. Modulation is generally defined as M = (Ryo-mark-Rmark)/
Rio-mark 1n which formula R« and Ryo.mark are the reflection levels from the read out laser

beam when respectively a written mark and no mark is present. The laser beam power



4 January 2007 8 required to write in the Lo layer is only 7 mW, which is favorable in view of the

presence of the Li stack because a relatively large portion of the power will be absorbed in the Li stack.
In Fig.6a and 6b modeling results are presented on a stack with the following destdarBustaek/2: - 25 to
40 nm deep guide grooves in substrate 31 a, - an opticdlly closed Ag reflective layer 39 of 100nm, other

metals, e.9. A fatt Q& 6 USRI A WRIL 7 AMBZMAYE BX I BlGKRESS &Pﬁﬂé%rls%%&rafon land, the
refractive index of the dye is 2.24 - 10 0.02i which corresponds to a téplcal d%{%g- a 5to 15 rim second

reflective layer it AgasthBreaseAdelaty chriags Ryn ) are weey AL s abier et i idhid e ction RL and
on land modulation ML arelplBtgesh asdecfunetielingfréhg o ariafndsdlyel hicknagsvith foe difierent leveling

values L of thed(ej e. 15 A third stack design is possible which is not shown in a drawing but is described

here: Stack 3: - 2% to 40 nm deep guide grooves in substrate 31 a, - an optically closed Ag reflective layer
39 of 100rim, étlagk Pnetals, e.g. An, Cu or Al, may be 20 used as well, - an azo dye layer 35, thickness 90

nm to 160 nm oB4apdothg &g@g’aﬁ%@ indsxofthedygfes12.24 - 0.02i which corresponds to a typical dye, -
a 5 to 50 rim layer of SiO2, other dielectrics may be used as well. 25 In Fig.7, as an example, the result

for a conventiorf® WHEAS stk DAETeRECliER 19 LG wh 08 PaabtidRHlS M SvaVe fehgtt bIEBRm. The
refractive indexsefl hevdye is taken as 2.24 - 0.02i (X = 655 nm). According to the calculations, when the

dye has a thicknessoocfl éauiound 80 rim in&r%OVﬁ] both t 1e (Pr&-lgrggvg{l%flggti)?gf rvee71% 599 the on-groove
re 1l it mo u?é%’o

. - an er, thickness nm,on . .
modulation cunvé 71°are a optimum va}ues. e calculated reflectivi y an n-agree 30 well with

experimeHtally0dBiaihech valuepoidy sehigpeadpd signal quality from the Lo layer, it was attempted to
obtain stack degigns {hafcQubiaceRigh rellseh v withia Nk madk l@H’,O?u hath 580,%Q)sd§ tyrns out that

for a straightforward three-layer stack-design, in-groove recorded signals have the wrong polarity
(low-to-high re®8tding, not shown) in most cases.
The on land reflection Ry and on land modulation My, are plotted as a function of the on land

dye thickness d. for different leveling values L of the dye.
15 A third stack design is possible which is not shown in a drawing but is
described here:
Stack 3:
- 25 to 40 nm deep guide grooves in substrate 31a,
- an optically closed Ag reflective layer 39 of 100nm, other metals, e.g. Au, Cu or Al, may be
20  used as well,
- an azo dye layer 35, thickness 90 nm to 160 nm on land, the refractive index of the dye is
2.24 — 0.02i which corresponds to a typical dye,

- a5 to 50 nm layer of SiO,, other dielectrics may be used as well.

25 In Fig.7, as an example, the result for a conventional single stack DVD+R disk
is shown at a radiation beam wavelength of 655 nm. The refractive index of the dye is taken
as 2.24 — 0.02i (A = 655 nm). According to the calculations, when the dye has a thickness of
around 80 nm in groove, both the on-groove reflection curve 72 and the on-groove
modulation curve 71 are at optimum values. The calculated reflectivity and modulation agree

30  well with experimentally obtained values. To achieve good signal quality from the L, layer, it
was attempted to obtain stack designs that combine high reflectivity with a high modulation
(both > 60 %). It turns out that for a straightforward three-layer stack-design, in-groove

recorded signals have the wrong polarity (low-to-high recording, not shown) in most cases.



4 January 2007 9 Thus for the case of shallow grooves, on-land recording may be considered, or more
complicated stack designs. For both stack designs of Fig. 5 and Fig.6 mentioned above, a dye thickness-
range can be identified where both modulation and reflection are high. Note that tAdastekg08 pbroposed
here, are optimized for shallow grooves. It should be noted that the above-mentioned embodiments
ilustrate ratherthar, iitdhe dveiian A dhahihose skilasbinipeatbiiideableindesign many
alternative embodiments without departing from the scope of the appended claims. In the claims, any
reference signSplateicstiréelsidientheses shall not be construed as limiting the claim. The 10 word
"comprising” does not exclidetibd presalscgmfBinenisadrigie peaibacdhbovthaskdigirtnéssa claim. The
word "a' or "ary, preceding an slemant doss noLeXElUde, e presence ol UMYl sch,elements. The
mere fact that ceftain measures are recited in mu u:a(m/ ifferent ependger'\ claims does not indicate that
a combination mbpessthmesasaasicarnddbbehalisedetocadvantage. 15 According to the invention a

multi-stack optical data storage, mMesium e nie aR HR9-AREIRAGNHNG e O aHR R LadintiaR.Ream
entering throu?,h an entrance face of the medium is described. It has a first substrate with present on a

side thereof a fiF&{ fBe RGOStk haitheacis edinshsing " Hee SRIaINE TSR TaedtrtiY fayer, formed in
a first Lo guidengre@divend fiigigaftegtivenlofremishpespnbbebrvppentia drstilsorfanouingslayer and the first
20 substrate. A §econd subslirat% y)vith epresent pna s'dﬁ th?[)eof a second recording ﬁtackf\ﬁmed Lis
re1ierence, signs plage et en parentheses Sl} Ol OC constiruc S limitin ]i:h Y alan.. C
present at a posfﬁron CI168ET to'the entrance face than the Lo recor Ing Stack'ang rormed in & second L
guide grodve. wardihepaparngpdesrialercigdathdwictiradedtolanemther ewrdihg thtadksseTlinefirst Lo guide
groove has a q4ept)Ghorse 1000y B s yraveditgative g Lallgclionsaiepldied & stack is
achieved at a radiation beam wavelength of approximately 25 655 nm. 4 January 2007 10 CLAIMS: 1. A
multi-stack optedrHate sisaglemsatiutherBicre SHAPREAMNY T e ifslidBE v al¥ation beam
entering througlrRre@nipacRfaceiok e medibansuing 1ecaisling oand fRacingseanpiskide- a first

substrate with l%r'e%st%r;ltd%]n% gsgje thereof:

15 According to the invention a multi-stack optical data storage medium for
recording and reading using a focused radiation beam entering through an entrance face of
the medium is described. It has a first substrate with present on a side thereof a first recording
stack named L,  comprising a recordable type L, recording layer, formed in a first L, guide
groove. A first reflective layer is present between the first Ly recording layer and the first

20  substrate. A second substrate with present on a side thereof a second recording stack named
L, is present at a position closer to the entrance face than the L recording stack and formed
in a second L; guide groove. A transparent spacer layer is sandwiched between the recording
stacks. The first Ly guide groove has a depth Gro < 100 nm. In this way a relatively high
reflection value of the L stack is achieved at a radiation beam wavelength of approximately

25  655nm.



5 - a first recording stack named Lo, comprising a recordable type Lo recording layer comprising a dye,
and formed in a first Lo guide groove, and a first reflective layer present between the Lo recording layer
and the first substrate, - a second substrate with present on a side thereof: -a secdthrecordihg stack
named Li comprising a recordable type Li recording 10'fayer, said second recording stack being present
at a position clegeffigghe entrance face than the Lo recording stack and formed in a second Li guide
groove, - a transparent spacer layer sandwiched between the recording stacks, said transparent spacer
layer having a thickness substantially larger than the depth of focus of the focused radiation beam, 15
characterized in that the first Lo guide groove has a depth GLO < 100 nm. 2. A multi-stack optical data
storage medium according to claim 1, wherein GLO < 80 nm and the first Lo guide groove has a full half
maximum width WLO< 350 rim. 20 3. A multi-stack optical data storage medium according to any one of
claims 1 or 2, lwherein 25 nNm <1tG_LtO < 4Ct). nm and the first refle(%tive Ia%Fr con(]apriscies a metal and has a
thickness > 50'hm. 4. A mulTSHER BHtA AR ALY EUH YLCERHIME 5 AFORR 1 dims 1-3, 25
wherein the reterdadbiedigpen leeaecording [tyendhas arthioknéss bétheeredi@nimraugdetbimg measured
on the land poEﬂ@@eQﬁiﬁE &%ggsgﬁgpve. 5. A multi-stack optical data storage medium according to any
one of claims 1- 4, wherein a dielectric layer is present at a side of the Lo recording layer opposite from
the 4 January 2007 11 side WWHere st ¥EMERIRAe 0B yetids Breseiht. 6. A multi-stack optical data storage

medium agcording to claim._5, yhietginding sialectried ayesonasisithiskaessidhgeangealimpm - 120 rim.
5 7. A multi-stack optical data storage mediym a orgir;%ﬁ) ang oneF%I cl ims%g}-4 . wherein a second
reflective layen AT GSHUTHS AEoh SN 1L FOEBFL Bl ERALOHES EOTEE ARG AR S O BE rom the side
where the firstmefigotheewegrethisIpresentingQagerAmi titi-Stsicklpptical data storage medium according to
claim 7 , wherein the secong Jé?:f$%8t£‘ﬂ§slt?§{gWﬁﬁ’?‘&eﬁlmeﬁiﬁ% H;ngr&?fpge of 5ran-15rim. 9. A

i

multi-stack optical data storage medium according to claim 7 or 8 , wherein the second reflective layer
mainly comprises a metal séles@t fissaidie geskparald; Kameising a recordable type L recording

10 layer, said second recording stack being present at a position closer to the entrance face than
the Ly recording stack and formed in a second L, guide groove,
- a transparent spacer layer sandwiched between the recording stacks, said
transparent spacer layer having a thickness substantially larger than the depth of focus of the
focused radiation beam,

15  characterized in that the first Ly guide groove has a depth G < 100 nm.

2. A multi-stack optical data storage medium according to claim 1, wherein Gro

< 80 nm and the first Ly guide groove has a full half maximum width W< 350 nm.

20 3. A multi-stack optical data storage medium according to any one of claims 1 or
2, wherein 25 nm < Gy <40 nm and the first reflective layer comprises a metal and has a

thickness > 50 nm.

4. A multi-stack optical data storage medium according to any one of claims 1-3,
25  wherein the recordable type L recording layer has a thickness between 70 nm and 150 nm

measured on the land portion of the guide groove.

S. A multi-stack optical data storage medium according to any one of claims 1-

4, wherein a dielectric layer is present at a side of the L, recording layer opposite from the



15 Al. 10. A multi-stack optical data storage medium according to any one of claims 1-9, wherein the
effective reflection level of the stacks is at least 0.18 at a radiation beam wavelength of approximately
655 rim. 20 11. Use of an optical data storage medium as claimed in any one of tde/grexsdiflty claims for
multi stack recording with a reflectivity level of the first fdcording stack Lo as such of at least 0.5 and

modulation of gegorgied manks iR fede rRePidieslayer of at least 0.6 at a radiation beam wavelength of
approximately 655 rim. 25 30 4 January 2007 12 ABSTRACT: A multi-stack optical data storage medium

(30) for recording and reading using a focused radiation beam (40) entering through an entrance face
(41) of the medium (30) is desgitibestk bpacbdfitstwuhstiatei(dlaagordihgeserth onvwhside thereof a first

recording stacJ; 33).named Lo, comprising,a record Fle type, Lo recording layer (35) comprising a dye, 5
formed in a firs I?ﬁeo%bﬁgag %rg(l)zg'v%t é%a%%ég%.hi\rﬁ%? roe?f e%lflnve%})’/énrn(%) is present between the first Lo
recording fayer (35) and the first substrate (31a). A second substrate (31b) with present on a side thereof

a second recording stack (%ﬁlﬂﬁm%@ll—oﬁi%?é&@fs%é’% ARIIQM AESRilP G Raneafare (41) than the
Lo recording stack (33) and formed in a second L gui eF?érloove (3(7& Atransparent spacer layer (36) is
fitd¥ e Y d

sandwiched b&tHEBR HEDIdIRY 10 18YSERATRYS ST (desfoNB B8 88l has a depth
Gi,0 < 100 nmiayethispvsay sorelatively Righe ralectioniuative ofjiiasipastack is achieved at a radiation
beam wavelength of approximately 655 nm. Fig. 4 15

10 8. A multi-stack optical data storage medium according to claim 7 , wherein the

second reflective layer has a thickness in the range of 5 nm -15 nm.

9. A multi-stack optical data storage medium according to claim 7 or 8 , wherein
the second reflective layer mainly comprises a metal selected from the group of Ag, Au, Cu,

15 AL

10. A multi-stack optical data storage medium according to any one of claims 1-9,
wherein the effective reflection level of the stacks is at least 0.18 at a radiation beam

wavelength of approximately 655 nm.

20
11. Use of an optical data storage medium as claimed in any one of the preceding
claims for multi stack recording with a reflectivity level of the first recording stack Ly as such
of at least 0.5 and modulation of recorded marks in the L recording layer of at least 0.6 at a
radiation beam wavelength of approximately 655 nm.

25

30





